Salvage felling is one of the indicators of the forest health quality and stability. Most of the European Union countries monitor forest harmful agents, which account for salvage felling, in order to see trends or functionality between factors and to be able to predict their development. The systematic evidence of forest harmful agents and volume of salvage felling in Slovakia started at the Forest Research Institute in Zvolen in 1960. The paper focuses on the occurrence of the most relevant harmful agents and volume of salvage felling in the Slovak forests over the last decade. Within the 10 years period (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013) salvage felling in Slovakia reached 42.31 mil. m 3 of wood, which was 53.2% of the total felling. Wind and European spruce bark beetle Ips typographus damaged 78.4% of salvage wood, i.e. they were the most important pest agents. Norway spruce (Picea abies) was the most frequently damaged tree species that represented the amount of 35.6 mil. m 3 of wood (81.2% of total volume of salvage felling). As Norway spruce grows mostly in mountains, these regions of Central and Northern Slovakia were most affected. At the damaged localities new forests were prevailingly established with regard to suitable ecological conditions for trees, climate change scenarios and if possible, natural regeneration has been preferred. These approaches in forest stand regeneration together with silvicultural and control measures are assumed to gradually decrease the amount of salvage felling over long term perspective.
introduction
Slovakia is considered a well afforested country. Forests cover about 2 mil. ha, which is over 40% of the total area of the country. The European beech (Fagus sylvatica L.) is the most common forest tree species with 31.6% coverage. The next most common forest tree species are Norway spruce (Picea abies L. [Karst.]), oaks (Quercus spp.), pines (Pinus spp.) and silver fir (Abies alba Mill.) with the coverages of 25.5%, 10.7%, 7.0% and 4.1%, respectively (Anonymous 2011 In Central Europe, where forests have been managed for many decades and industrialisation have been developing very fast within the last 70 years, the susceptibility of forest tree species have been changing. Nevertheless, there is a rule that forest management cultivates trees up to the age of about 100 years, when they are not only the most productive, but unfortunately often also more susceptible to pest agents. Some studies show that the emissions from 50s to 90s of the 20 th century changed the soils so dramatically that soil ecosystems cannot recover within several last years, when the emissions were dramatically reduced (Crippa et al. 2015) . Climate change, presently the major environmental factor influencing natural processes, can be not only measured and modelled by climatologists (Hlásny et al. 2014 ), but it can also be indirectly visible by the changed behaviour of certain susceptible organisms, which include forest trees as well as other organisms living in forests. As forest ecosystems belong to most natural ecosystems at least in Central Europe, they show more natural signs of these climatic change trends than other ecosystems Santini et al. 2013) .
These are just several predisposing factors which may be taken into consideration in connection with large scale forest damage events in Slovakia as well as in many other European countries. The paper sums up the processed wood from salvage felling and the major forest disturbance events which occurred in Slovakia in the last 10 years. Besides, it also shows up some pest agents which are much more important for forest ecosystems than others.
Methods and data collection
The systematic evidence of forest pests in Slovakia started at the Forest Research Institute in Zvolen in 1960. At that time, an annual statistical form named L116 was created and it was in practice with just little adjustments up to 2012, when a new law on forest evidence has come into force (Kunca et al. 2014b The volume of salvage felling was measured only once. Each volume of wood cut in salvage felling had to be assigned a pest agent and sometimes even two or more pest agents. Hence, in our analysis the total volume of salvage felling is smaller than the total volume of certain pest agents. This rule was changed in 2012 and from that time on each volume of salvage felling could be assigned only to one pest agent.
The new law on forestry evidence has become effective in 2012, and the salvage felling realised in 2012 was already evaluated by the new method. The major change of the pest agents evidence is that the evidence has become obligatory for all forestry subjects. Second, the data are collected first by regional state district administrations who do the first formal control of the data, and the reports are subsequently centralised at the National Forest Centre in Zvolen. The third change regards the set of pest agents. There were 53 pest agents (by 18 less than before in L116 form), out of them there were: The analysis below considers 8 years out of 10 years by the set of 71 pest agents. In the last 2 years, 53 pest agents are considered. All 53 pest agents also occurred in the set of 71 pest agents.
The salvage felling is the felling of wood that was damaged by pest agents. Wood volume of salvage felling mentioned in the analysis means the processed volume of wood. In the statistical reports foresters have to estimate the volume of salvage felling named as the estimated salvage felling. The estimated wood volume of salvage felling can be processed in the same year or in the following year. In order to avoid the duplicity of the wood volume of the estimated salvage felling from one year into the following year, only the processed salvage felling was considered.
The proportion of salvage felling was calculated as the absolute volume of salvage felling divided by the total felling volume in a certain year and multiplied by 100 (to express it as a percentage). The proportion of salvage felling serves as a mean to compare the annual salvage felling among years.
However, salvage felling is not the same as disturbances. Disturbances are mostly quantified with predicted volume of wood damaged by a major natural event, while salvage felling is given as a volume of annually processed wood damaged by pest agents and stated in the statistical report at the end of the year. Information on disturbances come from a different source of a consultancy service for foresters provided by the National Forest Centre -Forest Research Institute Zvolen, settled at the Department of Forest Protection and Game Management. The service has been active since 1959, when it was called the Control and Prognostic Service. In 1962, it changed its name to the Laboratory of Forest Protection Control, and in 1994 it was renamed to the Forest Protection Service (Kunca et al. 2014b) . Specialists on biotic, abiotic and anthropogenic agents have been involved in national and international research projects and the knowledge and experiences obtained in the research have been passed to foresters. If a major disturbance damaged a larger forest area, foresters have been obliged to send that information to both the state administration and to the Forest Protection Service specialists. Foresters have to report the pest agents, the damaged volume, the damaged area and the main damaged trees species. This information is just the early estimation of salvage felling. That is the main source of data about the sudden natural disturbances such as wind-throw (Kunca et al. 2014b) .
The data in the analyses were processed with simple statistical methods of Microsoft Excel. The variation of the three major groups of pest agents over 10 years was simplified by the linear trend function in Microsoft Excel. As there were only 10 years of the analysed input data, it was not appropriate to use other types of curve lines. Statistically significant differences of averages were evaluated by one-factorial ANOVA analysis in the STATISTICA program at 5% level of the significance (p < 0.05)
Results

Salvage felling
The current total wood volume stock in Slovak forests is 452 mil. m 3 (Anonymous 2011 Salvage felling reached 42.31 mil. m 3 over the period of 10 years, i.e. 53.2% of the total felling of that period (Table 1) . The annual salvage felling varied between 2.67 and 6.27 mil. m 3 , which was from 38.8% to 65.9% of the total annual felling (Fig. 1) . The average annual salvage felling was 1.0% of the total wood volume stock. fig. 1 . Development of both total and salvage felling in Slovakia over the period 2004-2013. 
Pest agents
The salvage felling was caused by the three major groups of pest agents. Abiotic and biotic pest agents were the most serious, followed by anthropogenic pest agents with the proportion of damaged wood of 48.6%, 48.5% and 2.9%, respectively. The greatest variation occurred within the anthropogenic pest agents, the smallest variation was in the group of total salvage felling (Table 2) . The anthropogenic and abiotic pest agents have clear decreasing linear trends, while the damages caused by the biotic pest agents have an increasing linear trend (Fig. 2) . fig. 2 . Development of volume of processed wood from salvage felling caused by the three major groups of pest agents.
In every group of major pest agents (abiotic, biotic and anthropogenic) there was one pest agent that damaged more wood than the rest of pest agents in that group. From the abiotic pest agents it was wind, from the biotic pest agents it was Ips typographus, and imissions were the most damaging from the anthropogenic pest agents (Table 3-5) . Wind was the most damaging agent from all pest agents evaluated within the last 10 years followed by Ips typographus (Table 6) . It is clear that there were also smaller disturbance events with 40.0% proportion on wood volume of salvage felling, but they were not big enough to be mentioned separately. Ips typographus was the most important disturbing pest agent as it damaged 62.4% of the wood affected by disturbances. The windstorm was the second most important disturbing pest agent (27.4%). The remaining 2 major disturbing agents damaged 10.2% of the wood affected by disturbances. Norway spruce was the most affected tree species by major disturbing pest agents (93.3%), and most of these disturbances occurred in Central and Northern Slovakia.
Discussion
Wood volume of salvage felling belongs to indicators of forest health in some countries (Grodzki et al. 2015; Knížek et al. 2015; Kunca 2015) . This kind of felling is also known as sanitary or sanitation felling and is initiated by disturbances that could be caused by three main groups of abiotic, biotic and anthropogenic agents (Schelhaas et al. 2003; Spiecker 2003) . Obviously, many pest agents could be included in these groups. In Slovakia, there are presently 53 monitored pest agents, in Poland (Grodzki et al. 2015) 109 pest agents are monitored (5 abiotic pest agents, 102 biotic pest agents, 2 anthropogenic agents), and in the Czech republic (Knížek et al. 2015) 16 pest agents are monitored (5 abiotic pest agents, 10 biotic pest agents, and 1 anthropogenic pest agent). Because of the same geographical region that is by Schelhaas et al. (2003) "Central Pannonic Ecological Zone", the number and the variability of the presently monitored pest agents should be critically reviewed.
According to the presented analysis, there was 1 significantly more important pest agent in every major group of pest agents (wind, Ips typographus and imissions) in Slovakia, the rest did not play a big role in damaging the forests within the 10 years period. It does not mean that the rest of the pest agents should be monitored as one cumulative group of "other pest agents", but maybe the list of the pest agents could be shortened and more harmonised within the European regions by natural conditions (Schelhaas et al. 2003; Spiecker 2003; Zúbrik et al. 2013) .
The short term analysis of pest agents in Slovakia pointed out that a group of abiotic pest agents was the most important factor influencing volume of salvage felling. Moreover, from the point of the specific pest agents, the wind was the factor that damaged the largest amount of wood (Table 6) . Similarly, wind affected the largest proportion of wood volume of salvage felling in many Central European countries, as well as in other parts of Europe for the several last decades (Schelhaas et al. 2003; Spiecker 2003; Zach et al. 2008; Grodzki 2010; Zach et al. 2010; Grodzki et al. 2015; Knížek et al. 2015) .
The proportion of salvage felling from total felling in Slovakia ranged between 38.8% and 65.9%, with an average of 53.2%. The volume of salvage felling in the neighbouring mountainous countries of the Central Pannonic Ecological Zone was also quite variable and high. Knížek et al. (2015) stated that in the Czech Republic the average volume of salvage felling within the analysed 10 years period was 41%, and varied between 20% (in 2012) and 75% (in 2007). Schelhaas et al. (2003) stated that major disturbances in the European region reached 8.1% over the years 1950-2000. If we selected only our major disturbances (Table 7) , their proportion on total felling was 33.1%, which is 4.1 times more than the European long term annual average of disturbances.
In spite of the high proportion of salvage felling or major disturbances on the total felling in Slovakia, previous major disturbances at the European level did not affect Slovakia. The windstorm Vivian in 1990 damaged 120 mil. m 3 in the Western Europe (König et al. 1995) . At the end of 1999 there were three windstorms ( Anatol, Lothar and Martin) that damaged 180 mil. m 3 of wood in the forests of different European regions (Sacre 2002 , predominantly in Germany and the Czech Republic (Kunca et al. 2014a ). The directions of low pressure paths and storm damages in the European region are demonstrated on maps by Gardiner et al. (2008 Gardiner et al. ( , 2011 ; at the regional level of Slovakia wind directions are described by . Schelhaas et al. (2003) stated that windstorms represent 53% of disturbances in Europe, while in Slovakia it was just 27.4%, i.e. a half of the European average. That results from the very high proportion of the second most important pest agent in Slovakia, the European spruce bark beetle that damaged 62.4% of wood affected by disturbances. It has been long well-known that European spruce bark beetle is the secondary pest agent and often follows wind-throws and last decades driven also by climate change (Christiansen & Bakke 1988; Pfeffer & Skuhravy 1995; Blennow & Olofsson 2008; Gardiner et al. 2008; Grodzki et al. 2010; Marini et al., 2013; Mezei et al. 2014; Sproull et al. 2015) . Moreover, there are several examples that bark beetles following wind, fire, drought or snow were more dangerous pests than previous primary agents (Christiansen & Bakke 1988; Kunca et al. 2011; Nikolov et al. 2014) . Catastrophic bark beetle outbreaks after windstorms occurred in the Czech Republic in the Šumava Mountains after the windstorms of 1868 and 1870 (Pfeffer & Skuhravy 1995) , in Sweden in 1969 (Nilsson et al. 2004) (Zúbrik et al. 2005 but those alerts were not accepted by the environmental state administrations as an argument for applying the management of damaged and surrounding forests. It was the nature protection which determined the forest management that finally resulted in the large-scale European spruce bark beetle outbreak in the natural, semi natural and artificial monocultures of Norway spruce. This is just another example how difficult it is to harmonise the management of natural resources with regard to their functions, climate change scenarios and scientific knowledge about it (Spiecker 2003) . The global climate change concept expects the occurrence of weather extremes that will limit the life in the regions. Hence, drought is also supposed to be one of the most important stress factors influencing forests (Hlásny et al. 2014; Pešková et al. 2015) . However, forests in Central Europe have resisted drought quite well. So far, there is no information on large-scale salvage felling due to drought stress.
The structure of forest pest agents is determined by several factors, one of them is forest tree species composition. The greatest proportion of damaged wood volume in Slovakia was ascribed to Norway spruce. The national ecological survey (Anonymous 2011) reports that Norway spruce originally grew on 4.9% of forest land instead of the present 25.5%. Out of this, 20.6% (412 th. ha) of Norway spruce has grown at unsuitable sites due to which they are highly predisposed to any pest agents. That is very clear that Norway spruce pest agents are more active than pest agents of other forest tree species with much lower proportion growing at unsuitable sites (Anonymous 2011) . The artificial spread of Norway spruce in the Slovak territory, as well as in other Central European countries, is a heritage from 19th and 20th century. At that time, planting of forest trees was a state program, and Norway spruce stands provided wood of very valuable quality, although on the account of their ecological stability, which was not well known at that time. Anyway, since Norway spruce is still economically extremely important tree species under European conditions, it will be sustained in a reasonable proportion in a temperate zone over long term. However, this species must be managed with special attention to its specific threats; ergo implementing forest protection measures mitigating wind and bark beetle risks (Kunca et al. 2007; .
Conclusions
Wind and European spruce bark beetle were the most important pest agents in Slovakia within the decade 2004-2013. It was evaluated by the volume of salvage felling that was caused by forest harmful agents. The recent dramatic increase of forest damage caused by bark beetles relates to large-scale wind-break disasters after which wood was not soon enough processed (due to restrictions of forest management in protected areas). In general, Norway spruce is the most affected forest tree species. It is likely that Norway spruce proportion in Slovakia, as well as in Central European countries will decrease in the future due to climate change and nature protection preferences. Recently, at the damaged localities of Slovakia new forests have been established prevailingly with regard to suitable ecological conditions for trees, climate change scenarios, and where possible, natural regeneration has been preferred. These approaches of forest stand regeneration together with silvicultural and protection measures would gradually decrease the volume of salvage felling in long-term perspective (see for instance Konôpka & Konôpka 2011; Vakula et al. 2015 
